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ABSTRACT

This study focuses on the health risk assessment of airborne volatile organic compounds (VOCs) in a petrochemi-
cal complex, with several emphases on a risk assessment method. The first emphasis is on the importance of hazard
identification to determine the likely carcinogenic potential of a VOC. Without considering this type of informa-
tion, a direct comparison of the carcinogenic risks of two pollutants is meaningless. Therefore, we suggest that this
type of information be prepared and be listed with the estimate of cancer risk in parallel. The second emphasis is on
the selection of a better dose-response model to estimate unit risk or cancer potency factor of a carcinogenic VOC.
Finally, probabilistic risk assessment method is discussed and recommended to use within a comparison of conven-
tional point-estimate method.

A health risk assessment has also been carried out. For non-carcinogenic risk, even the highest hazard index for
carbon tetrachloride is estimated to be less than 1 with the other VOCs less than 0.03. However, the lifetime cancer
risk from the inhalation of airborne VOCs is estimated to be about 2.6 X 10°* which is higher than the risk standard
of 107¢ or even 1075, Therefore, the investigation into domestic petrochemical complexes should be strengthened to
obtain more fine long-term airborne VOC data.

Key words : risk assessment method, volatile organic compounds, petrochemical complex,carcinogenic risk, non-
carcinogenic risk
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Table 1. Inhalation carcinogenic group of volatile org-
anic compounds.
VOCs EPA group” | IARC group

Benzene A i
1, 3-Butadiene B2 NA«
Carbon tetrachloride B2 2B
Chloroform B2 NA©
1, 1, 2-Trichloroethane C NA«
Ethylbenzene D NA«
Naphtalene D NAw
Styrene NA« 3
Toluene D NA®
Xylenes (isomers and mixtures) D NA®
0-. m-, p-Xylene ‘ D NAY
Tetrachloroethylene NAY NA+
Trichloroethylene NA® 3
1, 1, 1 -Trichloroethane D NAv
a) IRIS, 1996
b} IARC, 1982
¢) Not Available
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Table 2. Quantitative estimate of carcinogenic risk from inhalation exposure of VOCs?.

hirh
Pollutant Cla"Ei?l?ation ?ungl;nlil;f]) Extrapolation Method Route Species Tumor Type Reference
Benzene A 83x 10 One-hit Inhalation, Humans Leukemia Rinsky ef al., 1981:
occupational Otteral., 1978 ;
exposure Wong ef al., 1983
1,3-Butadiene B2 2.8x10°* Linearized multistage Inhalation Mouse/B6C3F1 Serveral tumor NTP, 1984
model, extra risk types
Carbone B2 1.5x 105" Linearized multistage Gavage Hamster/Syrian Hepatocellular Della Porta ez al.,
tetrachloride model, extra risk Mouse/L carcinomas 1961 ;
Mouse/B6C3F1 /hepatomas Edwards et al., 1942,
Rat/Osborn— NCI, 1976a,b, 1977
Mendel
Chloroform B2 2.3% 10" Linearized multistage Oral, Mouse/B6C3F1 Hepatocellular NCI, 1976
model, extra risk gavage /female carcinoma
1,1,2- C 1.6 x 105" Linearized multistage Gavage Mouse/B6C3F1 Hepatocellular NCI, 1978
Trichloroethane carcinoma

model, extra risk

a) IRIS, 1996

b) Excess lifetime cancer risk associated with breathing 1tg of a chemical per m* of air over a 70-year life span for a 70-kg human

¢) Estimated from the oral exposure data

28l = (unit risk), 2]
212} (cancer potency
factor)"'" Abgsle] EA Bale] Wil Awg Hrl
gtk olee Bel NE wrodeh AAES
Mz s Agd 5 gl oM ZAE AdFH
vlel 7ol A3 9l = =) (linear risk model) ==
A3 E multistage & o] £3le] Hrlxl Ao
o} 2 g oA B oEt 9] s
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o},
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UF=Uncertainty Factor ;
MF=Modifying Factor.
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Table 3. Chronic reference dose for non-carcinogenic effects of VOCs?.

EPA RfD o Experimental
Pollutant Classification (mg/kg/day) UF MF Critical Effect Doses (mg/kg/day) Reference
Benzene A NAPD
1, 3-Butadiene B2 NA»
Carbone B2 7x10¢ 1000 I Liver lesions NOAEL: 0.71 Bruckner ef al., 1986
tetrachloride Subchronic rat gavage study LOAEL: 7.1
Chloroform B2 1x10°2 1000 1 Fatty cyst formation in liver NOEL: none  Heywood et al., 1979
Dog, chronic oral bioassay LOAEL: 12.9
1, 1, 2-Trichloroethane  C 4x10°% 1000 I Clinical serum chemistry NOAEL: 3.9  White er al., 1985
Mouse subchronic drinking LOAEL: 44 Sanders et al., 1985
water study
Ethylbenzene D 1 x10°' 1000 1 Liver and kidney toxicity NOEL.: 97.1 Wolf et al., 1956
Rat subchronic to chronic  LOAEL: 291
oral bioassay
Naphtalene D NA®
Styrene NA® 2x10°t 1000 1 Red blood cell and liver NOAEL: 200  Quast et al., 1979
effects LOAEL: 400
Dog subchronic oral study
Toluene D 2x 1070 1000 1 Changes in liver and kidney NOAEL: 223  NTP, 1989
weights LOAEL: 446
13-week rat gavage study
Xylenes D 2 100 1 Hyperactivity, decreased
body weight and increased NOAEL: 179  NTP, 1986
mortality(males) FEL: 357
Chronic rat gavage study
1, 1, 1-Trichloroethane D NAY
Tetrachloroethylene NA® 1x102 1000 1 Hepatotoxicity in mice, NOAEL: 14 Buben and
weight gain in rats LOAEL: 71 O'Flaherty,
6-week mouse gavage 1985
study
Trichloroethylene NA® NAY
a) IRIS, 1996
b) Not Available
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Table 4. Advantages and disadvantages of using the point-estimate approach and probabilistic approach?.

Point—estimate Analysis

Probabilistic Analysis

Pros - Simple, accessible
- Readily accepted by regulators
+ Can provides "bounding estimate”

- Provides more meaningful information to risk
manager and public

+ Avoids disputes over best estimate

- Risk estimates are associated with a quantitative
measures of uncertainty

- Eliminates conservatism

- Sensitivity analysis more meaningful

Cons - Conservative point estimates leads
to overestimates actual exposure
- Provides limited information for risk managers
- No associated measure of confidence
- Sensitivity analysis usually not very meaningful

- More complicated and more time-consuming

- More difficult to conduct calculations

- Current regulatory guidelines do note ncourage its use
- Can fail to account for interdependent variables

a) Yu and Lee, 1995
3717} B4 o]k,
3. da 9 1@

3.1 2L EAY £H7|-§ -"'-E

2 dF A9 G2 dA YFE 0°‘17H-°4 g A
7} A f-sbeheA] ‘*%7‘“@ FAEE 7554 H,
ol8]gl TAEL F2 Benzene, Toluene, Xylene,
Metanol 52| f718vl&& 33t olel A
713 3HES v RSt 22 3 A7) gEe] H
251 e 283 oA A9 vlddel] W) gle
HA ol 5 wjEY Aoz FEjyel sjAEA
2 AMEEe IR ANFFTE w3kl o3l
F8l 972459 FHale] AlgEe] 248 ¥ =
7F Ads ' vERE £ e AEENSE 2x
et

A A ERZA LA {713EHE (VOCs) 2
7] & =X & 5o viept vk o] 29 I
A #7183 =S A8 AE I3 ¢
ghed 1996 %2 FA (B HF 2 A8 (W £ ¥
1997)¢} 71&2] 19943 = (8-, o1& 23]) ¢ 1995y
EAE B 289 A AR HHE 5 199600
#Fsted 7HgA A9 B w25 dE2T 4 A
g Aot} o] & A3 fd= ot Y F
qle] AAFE HE 5 U WA HAEE H
7Vete Aol welA diAt A &3 =l ot
2 370 7] F % zbole) eld wE A
o Y= Aol A &fv|E ZHA] 9b7] o]t

o zindets =] A 13 H Al 4 &

o, A A TR e 34 2
3,508 4~797e) FEE AuY Bolw =B
A drlste welshd ARz A7 B
559 Aolg BHA7)] olE e s
S171 ol e,

25 28 428 31 018
23 FoM 2N ge
€ A 2|8 Benzene, 1, 3-Butadiene, Carbon tetrachl-
oride, Chloroform®] W7] £ 28 HAF 7 ¢+
H), el#) L&A (carcinogen to humans)q! Benzene
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, 1, 2-Trichloroethane
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A f718gER A S Sdles o4
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Table 5. Airbone concentration of VOCs. (Unit : pg/m?)

Site No. Geometric
Pollutant 1 2 3 4 5 6 7 8 9 Range Mean
Carcinogenic VOCs
Benzene 5680 0676 9920 1.737 3465 6.280 12.131 9.302 14.873 0.676~14.873 5.119
1, 3-Butadiene 0.513 0.198 0.073 14561 1.390 0.073~ 14.561 0.684
Carbon tetrachloride 1.595 1473 1.050 0.771 4.164 1.614 1492 0.771~ 4.164 1.524
Chloroform 0.021 0.145 0.607 0.058 0.034 0.021 ~ 0.607 0.082
Non-carcinogenic VOCs
Ethlybenzene 6.539 0225 2144 1204 1663 1378 0.539 1.857 1.859 0.225~ 6.539 1.363
Stylene 44.958 0914 1474 2.282 0405 0.405~44.958 2.237
Toluene 47918 2380 13.825 4.866 89.404 23219 5.353 43.788 10.385 2.380~89.404 15.014
0-Xylene 9.247 2.126  1.155 2.168 0.949 2590 2.051 0.949~ 9.247 2.199
m-Xylene 2635 0208 3795 1.746 1.372 1921 0.580 1.869 2.745 0.208~ 3.795 1.453
p-Xylene 3.176  0.088 1201 0769 0705 0914 0288 0.896 1.888 0.088~ 3.176 0.757
I 11- 1265 0.800 1.006 0941 0967 0801 0.618 0.618~ 1.265 0.895
Trichloroethane
Tetrachloroethylene  1.079 0.199 0285 0.232 0.186 0.190 0.066 0.066~ 1.079 0.229
Trichloroethylene 0222 0637 0.526 0436 0.032 0.032~ 0.637 0.253

Table 6. Average carcinogenic risk of VOCs from in-
halation exposure.

Table 7. Hazard index of VOCs from inhalation expo-
sure.

Carcino- Geometric Carcino-
Pollutant genic Mean ?m/tnlfxl)Slf genic
Group  (ug/m?) HE Risk
Benzene A S5.119  8.3x10¢ 42x10°
1,3-Butadiene B2 0.684 28x10* 19x10+
Carbon tetrachloride B2 1.524 1.5x10° 23x107
Chloroform B2 0.082 23x10° 1.9x10°
Total carcinogenic risk 2.6x10+
z FH& Yz A1FAQ 105~1076(U.S. EPA,

1987)& 2F3tx givh. 2z <A wgEAq
Benzeneell 93k sl = F ot A=Y
20% o)&t=|ut, QA wetEAlolet= HelM 7|E}
Aot o Fo7 e 3dH

A 7)1 E s v $Elze BT
o Jeh} glxd, ¥E4A%F Benzened 1, 3-
Butadiene-2 7|& Aako| ofdt ARpar}p ¢17] vl
A3 xS AT 5 s

Carbon tetrachloride®] 93] &7} 0.632.2 19
7}t x)gt 1 o}s}el 2 Chloroform 3 7|e} ujatel 3§
b 7] 31HEe] $13 RlEe 2E 003 ofFz
sl zel 2 ol2id vpist flEls Hrk o
A el fdl= Pokel mpEviA R Ak d ol
5 wielez HriEglm o|#d A dHelEHE
A g-alatcia)ol Hig A7)z Y s =l HiEEhed

LADE  Chronic RfD  Hazard

Pollutant (mg/kg/day) (mg/kg/day) Index
Carcinogenic VOCs

Benzene 1.5x107? NA»

1, 3-Butadiene 2.0x 10 NAw»

Carbon tetrachloride 4.4 x 10 7% 104 6.3x10!
Chloroform 2.3x10° 1x 102 23x1073
Total hazard index 6.3x 10!
Non-carcinogenic VOCs

Ethylbenzene 39%x 107 1 X107 39x107
Stylene 6.4x104 2x 107! 32x107
Toluene 4.3x107 2x107! 2.2x107?
o-Xylene 6.3x 10 2 3.2x 101
m-Xylene 42x10* 2 2.1 %10
p-Xylene 22x10+4 2 1.1x10+
1, 1, 1-Trichlorethane 2.6 X 104 NA®
Tetrachloroethylene 6.5 X 1073 1x107? 6.5x 1073
Trichloroethylene 7.2x%10°3 NA®

Total hazard index 3.6x1072

a) Not Available

S sjolof sl Ssl= Wrle) BHAAAE A
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